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INTRODUCTION 


The "Water Budget Analysis Supplement" is part of Appendix II, 
"Present and Projected Resource Use and Management"’. Appendix II is 
one of five appendixes prepared during the Beaver River Study. A 
complete list of appendixes and supplements is included in the front 
of this report. 


Water balance studies were made for twelve budget areas within 
the Beaver River Basin. These studies were made to simulate what 
actually happened during past years to provide a base for evaluating 
improvement measures. The water balance approach was used so that 
the accuracy of all the input data could be evaluated. 


The water budget (balance) equation is supply minus consumptive 
use equals outflow plus or minus changes in ground-water storage. 
Water budget boundaries are shown on the map following page 151. 
These boundaries include the area irrigated from each main source 
of supply and also include pump well areas surrounding surface 
irrigated lands. A separate budget was prepared for each year of the 
study to show annual fluctuations of budget items. 


Lack of long-term records for some of the basic input data 
indicated a ten year base period was most logical, and calendar years 
1956 through 1965 were chosen. Eight years of study, 1958 through 
1965, were used in the Escalante Desert subbasin (2B2) because of lack 
of records before 1958. 


Actual computations of consumptive use and water balance were 
made using an automatic data processing program. The "Water Budget" 
ADP program analysis used in developing this supplement should not be 
confused or interchanged with the "Irrigation" ADP program used in 
Appendix V to analyze the effect of irrigation improvements through 
changes in irrigation efficiencies. 


The "Irrigation" program distributes available water to satisfy 
cropland consumptive use needs. A basic assumption employed by this 
program is for crop production to continue so long as water is available 
but cease when irrigation water, soil moisture storage, or precipitation 
becomes insufficient. Water applied after the cutoff date could be 
used for perennial crop maintenance or to fill the soil profile or 
both, but could not generate crop production during the current year. 
The "Irrigation" program ADP printout illustrates water supply, 
consumptive use requirements, actual crop consumptive use, and water 
deficits. However, these values vary from similar values obtained with 
the "Water Budget" program due to factors already discussed and other 
basic differences in methodology, assumptions, and procedures. 


\ 


BASIC DATA 


The following discussion describes general procedures used in 
expanding and adjusting available data to fit the physical location 
and time frame covered by the budgets. 


CLIMATE 


Climatic data are summarized in Appendix I, "Natural Resource 
Inventory, Beaver River Basin''. National Weather Service records 
were adjusted to fit water budget areas. 


Precipitation 


Water budget precipitation values were determined by adjusting 
specific monthly precipitation values for a station representing 
precipitation of the budget area. The adjustment factor was deter- 
mined by weighing the acreage of irrigated land between isohytes on 
the National Weather Service, 1931-1960, Normal Annual Precipitation 
Map- This weighted value was compared to the 1931-1960 normal annual 
precipitation for the representative station and an adjustment factor 
was calculated (Table 1). 


Records for Cedar City Airport and Enterprise-Beryl Junction 
did not cover the entire budget period. These records were completed 
by correlation with Cedar City Power House and Enterprise stations. 


Table 1.-=Precipitation adjustment factors for water budget areas and 
location of. station adjusted, Beaver River Basin 


_—___-R 


Water budget area Adjustment factor Station adjusted 
2A-24 Fillmore 0.84 Fillmore 

2A-25a Meadow Tp Kanosh 

2A=25b Kanosh On93 Kanosh 

2B-1 Beaver -Greenville Se Beaver 

2B-2 Manderfield eee Beaver 

2B=3,4,6 Minersville-Milford 0.99. Minersville 
2Bl-1c,2,4 Cedar G.99 Cedar City Airport 
2Bl-la,3a Summit 0.01 Parowan 

2Bl-1b,3b,3c Parowan WR Fe Parowan 

2B2-1 Newcastle 0.96 Enterprise 

2B2-2 Enterprise 1.00 Enterprise=-Beryl Jct. 
2B2=3 Junction . 1.00 Enterprise=Beryl Jct. 


—_———— 


=- 2 = 


Temperature 


Average monthly and annual temperature summaries were prepared for 
the period 1956-1965 for stations in or near the water budget areas. 
These values were projected into water budget areas using lapse rates 
between surrounding stations and station averages as applicable. If 
more distant stations were used, a general lapse rate of 3° F. per 1,000 
feet change in elevation and 14° F, for each degree of latitude was 
used, Adjusted monthly water budget temperature was then plotted against 
the 1956-1965 station average and the resulting slope of the best-fit 
line was used as the adjustment factor (Table 2), 


Evaporation 


Station average monthly water surface evaporation values for 
1931-1960 were taken from maps in Appendix I, "Climate, Sevier River 
Basin, Utah", 


Table 2.--Temperature adjustment factors for water budget areas and 
location of station adjusted, Beaver River Basin 


nr 


Water budget area Adjustment factor Station adjusted 


2A-24 Fillmore 0 Fillmore 
2A-25a Meadow 1.02 Fillmore 
2A-25b Kanosh 102 Fillmore 
2Be1 Beaver -Greenville Toe Beaver 

2B-2 Manderfield 0 Beaver 
2B-3,4,6 Minersville-Milford OP ee) Milford A.P. 


2Bl-1c,2,4 Cedar U0 Cedar City Airport 
2Bl-la,3a Summit VAL Parowan 
RAS 


2Bl-1b,3b,3c Parowan Parowan 


2B2-1 Newcastle ja Enterprise=Beryl Jct. 
2B2-2 Enterprise Lay Enterprise-Beryl Jct. 
2B2 =3 Junction 1.0 Lund 


SS 


‘The only station within the Basin maintaining pan evaporation 
records is Milford A.P. This station was used as the basis to determine 
monthly evaporation values for all stations. 


The 1931-1960 average pan evaporation at Milford for the months 


of April through October were divided by the monthly 1956-1965 average 
pan evaporation to determine the factor for adjusting the 1931-1960 


m ine 


monthly map value for a station close to the water budget area. 
Evaporation map values from Appendix I, Sevier River Basin, were used 
for months of November through March since pan evaporation records 

at Milford were not maintained for this period. 


Monthly station map values were plotted against map: valuest for 
the water budget area and the slope of the best-fit line was taken 
as the adjustment factor (Table 3). 


Table 3.--Evaporation adjustment factors and location of station 
adjusted, Beaver River Basin 


Water budget area Adjustment factor Station adjusted 
2A=24 Fillmore POS Fillmore 

2A-25a Meadow 1.04 Fillmore 

2A-25b Kanosh LAG Fillmore 

2Be1 Beaver=Greenville imecenn Beaver 

2B=2 Manderfield heO5 Beaver 

2B-3,4,6 Minersville-Milford 0.98 Milford A.P 


2Bl=1¢,2,4 Cedar i Cedar City Airport 
2Bl-la,3a Summit i Parowan 
hey 


2Bl-1b,3b,3c Parowan ° Parowan 

2B2=1 Newcastle 0.97 Enterprise 
2B2 =2 Enterprise 0.98 Enterprise 
2B2-3 Junction 0.98 Enterprise 


Enea ea ee LE 4 5 tld ld 
SURFACE WATER 


Lack of long-term records made it difficult to accurately determine 
surface flows for most watersheds. Accepted hydrologic procedures were 
used to extend available gaged records to cover the period of the water 
budget and watersheds having no gaged records. Random current meter 


measurements of ungaged streams were used to indicate the magnitude of 
‘ flow. 


Gaged diversion records were obtained from river commissioner 
reports where available. In other localities, ungaged diversions were 
estimated by field observations and judgment. 


wil Ren 


Reservoir operations data were not available for most reservoirs. 
Available records and personal observations were used to estimate 
average budgets where complete data were not available. 


GROUND WATER 


Ground-water flows and depletions were estimated using published 
U.S. Geological Survey records and personal observations. Average 
annual flows were equally distributed by months and used where detailed 
records were not available to determine ground water movement. Other 
details of ground and surface water quantities are in Appendix I, 
Beaver River Basin. 


LAND USE 


Land use acreages used in this analysis (Table 4) were taken 
from Appendix II, "Water Related Land Use Inventory Supplement, 
Beaver River Basin". 


Land use was generally determined for these categories: irrigated 
cropland, nonirrigated cropland, and miscellaneous. Irrigated acreage 
for each crop was summed and used as one value. No distinction was 
made between irrigated rotated crops and irrigated nonrotated CrOPSe 
Irrigated cropland which was temporarily idle during the mapping 
period was combined with other idle land for consumptive use calculations. 


Pasture lands and alfalfa in Beaver-Greenville (2B-1) water budget 
area were further designated according to depth to water table as 
follows: 


Designation Depth to water table (feet) 
wl 3-5 
W2 1-3 
W3 0-1 


All types of native vegetation with a water table below five 
feet were considered to have consumptive use equal to precipitation 
and were listed together. Nonirrigated cropland was listed as 
native vegetation. Phreatophytes (water table at five feet or above) 
were mapped as native vegetation, but were separated from native 
vegetation for consumptive use calculations. One third to one half 
the area classified as other rural lands, towns, roads, and railroads 
was considered to be irrigated and was listed as suburban cropland. 
The remaining area was combined with bare ground, dry lake beds, and 
lava areas and assumed to have consumptive use equal to precipitation. 
Water surface areas were combined regardless of location in the water 
budget area. 
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To simulate actual conditions, 251 acres of irrigated land in 
Manderfield water budget area (2B-2) were placed in Beaver-Greenville 
water budget area (2B-1). This area receives its water supply from 
North Creek in 2B-1. Minersville Reservoir was removed from all of 
the water budget areas and a separate budget prepared (Table 64). 


MUNICIPAL AND INDUSTRIAL USE 


The 1960 census was used as the base for population to compute 
municipal water use. "Use of Water for Municipal and Industrial 
Purposes, Utah Counties, 1960-1961," by 0.L. Harline and others, was 
used as the source of water quantities diverted. 


An estimate of per capita consumptive use was taken from Appendix 
IV, "Water Budget Analysis, Sevier River Basin''. The average annual 
per capita consumptive use of 0.23 acre-feet used in the Sevier study 
was compared to municipal diversions at Cedar City. The average 
annual consumptive use shown in the Sevier River study was 60 percent 
of Cedar City's diversions. The factor of 0.6 was used to adjust 
Harline's diversions for the remainder of Beaver River Basin. 


POTENTIAL CONSUMPTIVE USE 


Potential consumptive use (PCU) is the potential evaporation and 
transpiration for a unit of irrigated cropland during the crop growing 
season and for the bare ground or dormant crops during the non-growing 
season, assuming sufficient water is available for consumptive use. 
The more important factors determining PCU are temperature, daylight 
hours, humidity, growth stage, and plant condition. 


A modified version of the Blaney-Criddle Formula was used to 
compute consumptive use requirements because of its adaptability to 
local conditions and simplicity of use. The Blaney-Criddle Formula 
is U = KF, where consumptive use (U) for any period is equal to 
a consumptive use factor (F) times a consumptive use coefficient (K). 
This formula was modified to compute monthly consumptive use values 
by using k = kc + k;, where kc was the crop growth stage coefficient. 
Plotted values for most common crops are shown in Technical Release 
No. 21, "Irrigation Water Requirements".1/ 


livrigation Water Requirements, Technical Release No. 21, United 
States Department of Agriculture, Soil Conservation Service, 
Engineering Division, 1967. 


Figures 1 through 3 show growth stage coefficient curves for 
phreatophytes found in the Beaver River Basin. Curves for salt 
grass and greasewood (sage and rabbit brush are classified the same 
as greasewood) were developed for various water table depth 
classifications. 


A crop growth stage coefficient of 0.25 was used for computing 
consumptive use for the nongrowing season period of annual crops. 
This value was raised to 0.40 for perennial crops during the non- 
growing season. Growth stage coefficients for phreatophytes were 
tabulated using the curve value, or the nengrowing season coefficient 
of 0.25, whichever was larger. ee . 


Temperature coefficients were computed by the equation k, _ 
0.0173t-0.314 where t is mean monthly air temperature. 


A more detailed discussion of consumptive use calculations is 
contained in Technical Release No. 21. 


Length of growing season is a faetor of climate and type of 
vegetation (Table 5). The growing season was calculated for each 
irrigated.crop and watershed by plotting the average monthly 
temperatures for the watershed at the 15th of each month and connecting 
the plots with a smooth curve. Temperatures limiting growth were marked 
on the curve, locating dates of the beginning and end of the growing 
season. A further discussion of growing seasons and a list of 
growing seasons by watersheds is contained in the climate portion 
of Appendix I, Beaver River Basin. 


TABLE > .--Growing season limits, Beaver River Basin 

Maximum length of 
Crop Spring Fall growing season 
Alfalfa 50° mean temp. 28° frost - 


Pasture and 


meadow 45° mean temp. 45° mean temp. - 
Orchards 50° mean temp. 45° mean temp. = 
Corn tale mean temp. 32° frost 140 days 
Spring grain 45 mean temp. 32° frost 130 days 
Potatoes 60° mean temp. 32° frost. 130 days 
Sugar beets 28° frost 28° frost 180 days 
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Crop growth stage coefficient curve 
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PROCEDURES FOR DEVELOPING WATER BUDGETS 


The Beaver River Basin was analyzed using 12 water budget areas. 
Divisions were made along watershed boundaries where possible, but 
watersheds were split in the Cedar-Parowan and Meadow-Kanosh areas to 
coincide with water supplies (as shown on map following page 151). 
Explanations of water budget analysis deal with input items and 
actual workings of the budget. A schematic diagram of the water 


budget procedure is shown in Figure 4. 


Total Cropland 
Precipitation Consumptive Use 


Tributary Available Root Zone 
Inflow Water Supply Supply 
Groundwater Inflow Soil Moisture 
From Other Watersheds Storage 
Municipal and Water Surface Supply to Wetlands el Groundwater 
Industrial Use Evaporation and Groundwater Reservoir 


Native Vegetation Consumptive Wetland Groundwater 
Use In Addition to Precipitation Consumptive Use Outflow 


Figure 4. Schematic diagram of water budget analysis , Beaver River Basin 
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WATER BUDGET INPUT DATA 


Inputs to the water budget are divided into supply, storage, 
use and outflow. The following paragraphs discuss the assumptions 
and judgments made compiling data for use in the water budget digital 
computer program. 


Water Supply 


Total inflow into a water budget area includes inflow from other 
budget areas and surface and/or ground-water inflow from upper 
watershed or water yielding areas. 


The only areas receiving surface inflow from other water budget 
areas were Minersville-Milford (2B-3,4,6) and Fillmore (2A-24). 
Ground-water flow between watersheds was estimated from slopes of 
ground water gradients, transmissibility of alluvium, and areas of 
flow. Ground-water inflow was held constant for each year of the water 
budget period. Inflow from Watershed F-5, Sevier River, enters Coal 
Creek watershed as ground-water flow and is gaged as surface flow in 
Coal Creek. 


Inflow from upper watersheds or water yielding areas are referred 
to as tributary inflow. Subsurface inflows were estimated as outlined 
above. Annual surface inflows were taken from available records or 
determined by correlation with nearby gaged streams. Total tributary 
inflow was taken as the sum of measured or correlated surface and 
subsurface flows. 


Tributary inflow data were not available for the Escalante 
Desert subbasin. Total tributary inflow for Newcastle (2B2-1) was 
taken as the sum of all diversions within the watershed, including 
releases from Newcastle Reservoir. 


Tributary inflow for Enterprise (2B2-2) was taken as releases 
from Enterprise Reservoir plus estimated yield from upper watershed 
areas distributed by annual and monthly runoff patterns by correlation 
with Coal Creek during the 1958-1965 period. 


The volume of flow to Junction (2B2-3) was estimated by first 
determining amounts needed to balance the water budget on the basis 
of known depletion rates, then adding this amount as tributary inflow. 
Monthly distribution was made by correlation on the basis of average 
tributary inflow to Cedar-Parowan subbasin(2Bl1). 


The analysis described above ignored the influence of local 


runoff consumed by native vegetation in Enterprise and Junction water 
budget areas. This consumption was probably negligible in Enterprise 
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water budget area, but has been optima hed ,22 be as much as 13,000 
acre-feet in Junction water budget area.—’ Evaporation from Enter- 
prise and Newcastle reservoirs was also ignored. 


Yield maps prepared by the Forest Service were used to determine 
total watershed tributary inflow by correlation with individual 
drainages having measured inflow. Relationships between total yield 
from yield maps and tributary inflow used in the budgets are shown 
in Appendix I, Beaver River Basin. 


Adjustments in tributary inflow were necessary after the first 
trial budget. Tributary inflow was adjusted by judgment and knowledge 
of the area. In no case was tributary inflow reduced to less than the 
sum of measured or correlated streamflow and ground-water inflow. 


Precipitation was taken from available records and projected 
into water budget areas as described in a preceding section. Rainfall 
was assumed to be 100 percent effective no matter what time of year 
it fell or the existing soil moisture condition. Equations developed 
to reduce gross precipitation to effective precipitation were not 
used for this analysis. 


Storage 


Storage was broken into three groups in the water budgets: 
surface, soil moisture, and ground water. 


The effect of storage in Minersville Reservoir was the only 
surface storage completely evaluated during the budget analysis 
(Table 64). Newcastle and Enterprise Reservoirs were not analyzed 
because of lack of data on inflow and reservoir level fluctuations. 


Maximum soil moisture storage capacity was computed for all 
irrigated cropland (excluding idle irrigated areas). A weighted 
capacity was computed for the watershed on the basis of estimated 
areas with different soil moisture capacity. 


Land use acreage and corresponding root-zone depth for each 
crop were multiplied by moisture holding capacity to arrive at the 
total soil moisture storage capacity. This value was reduced by 
fifty percent to represent total readily available moisture. 


The soil moisture in storage at the end of each year was a 
carry-over factor from one year to the next. Using the multiple 


1/ 


— "Water Supplies. and Their Uses in Iron, Washington and Kane Counties 
of Utah", Special Report 13. Agricultural Experiment Station, Utah 
State University, in cooperation with other agencies (1963). 
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budget approach, carry-over soil moisture storage was more accurately 
analyzed. 


Antecedent soil moisture as carried over from December 1955 
to January 1956 (the first month of the study) was determined by 
averaging the end of year soil moisture storage for each year of 
the study and then adjusting by the same ratio as 1955 precipitation 
divided by average precipitation. This method closely approximated 
the antecedent soil moisture as compared to making a budget for 1955. 
In the Escalante Desert subbasin, budgets were made for 1956-1965, 
but the 1956 and 1957 budgets were not used except to provide ante- 
cedent soil moisture for January 1958. 


Total ground-water reservoir capacity has not been estimated 
for most of the valleys in the Beaver River Basin. Changes in ground- 
water levels have been measured using well levels and published in 
the form of contour maps. Volumes of change in storage were computed 
by applying an estimated storage coefficient to the change in water 
table. 


Ground-water storage changes, computed using a storage coefficient 
of 0.05, were correlated satisfactorily to average additions and de- 
pletions to ground-water supply published in other studies. Long- 
term trends in ground-water storage were used as the balancing factor 
in adjusting water budgets. 


Distribution and Use 


Potential cropland consumptive use for each irrigated crop 
within the watershed was computed for each year of the 1956-1965 
period. Suburban crops were classified as irrigated pasture for 
consumptive use purposes. This was done to account for lawns, gardens, 
and beautification which receive an irrigation water supply. 


Actual cropland consumptive use was limited by available root- 
zone supply. Total diverted surface water and pumped water were tabu- 
lated by months and distributed to the root-zone by an application 
efficiency. Efficiencies were determined for each watershed by measure- 
ments, field estimates and judgment. 


Available water, in addition to monthly crop needs, was used to 
fill root-zone storage with any excess percolating to ground-water 
supply. If water supply did not meet plant needs, root-zone storage 
supplemented available supply until depleted. When all soil moisture 
was exhausted, consumptive use deficits occurred. 


Each month was evaluated separately from the preceding months 
(except for soil moisture storage) so crops having a root-zone 
deficit one month could receive water supplies in the following 
months, if water was available. 
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There is not an appreciable direct use from ground water by 
irrigated crops within the Basin. Beaver River Watershed contains 
approximately 4,000 acres of meadow which receive a partial supply 
from ground water. Crop growth stage coefficients for irrigated wet 
meadows were estimated using the higher monthly coefficient between 
wet meadows and irrigated meadows. 


The portion of consumptive use supplied from ground water is 
dependent on the depth of water table below the land surface (Table 6). 
TABLE 6.--Percent of consumptive use of irrigated meadow satisfied by 


ground water, Beaver-Greenville (2B-1) Beaver River Basin 


Water table designation 


(mapping symbol) Percent 
W1 40 
W2 70 
W3 100 


Consumptive use by phreatophytes was computed for each vegetative 
type depending on depth to water table. It was assumed that water 
table depths remained the same during the growing season, and the 
affected acres were the same from year to year. Phreatophyte consump- 
tive use was partially supplied by precipitation and the remainder by 
use from ground water, return flows from irrigation, and seepage from 
conveyance systems. 


Miscellaneous uses include native vegetation, town and community 
acreages (not including those listed as suburban crops), bare ground, 
water surface evaporation, and municipal and industrial. Consumptive 
use equals precipitation for these areas, except as noted below. This 
assumption ignores local runoff from these areas which is used in other 
areas by native vegetation. Municipal and industrial use for 1960-1961 
was used as the "average" of the 1956-1965 period. Monthly distribution 
was made by judgment. 


Water surface evaporation quantities in inches were determined 
as described in the basic data section. Monthly and yearly evaporation 
in acre-feet was computed by multiplying evaporation by "average 
water surface areas" for each watershed. Evaporation listed in water 
budget analysis are net values; i.e., evaporation minus precipitation 
for the same period. 


An additional use by native vegetation in addition to precipi- 
tation was recognized in balancing water budgets. These values do not 
include areas classified as phreatophytes (wetlands). Consumptive use 
results primarily from deep-rooted vegetation using from the ground- 
water reservoir. Irrigation tailwater provides another sa 35 
water supply. This use has been mentioned in other reports, a but 
never completely defined. Values of native vegetation consumptive use 
were taken from these reports (values given were annual values for 
a specific year) and adjusted for the ten year average (Table 7). 
Average values for Beaver-Greenville (2B-1) were estimated from areas 
of native vegetation in the valley. Average uses by native vegetation 
were increased and decreased annually in direct proportion to tributary 
inflow. 


TABLE 7.--Average consumptive use by native vegetation for 1956-1965, 
Beaver River Basin 


Consumptive use 


Water budget area (acre-feet )* 


2A=-24 Fillmore 8,540 
2A=-25a Meadow 4,620 
2A=-25b Kanosh 7,030 
2B-1 Beaver=Greenville 1,480 
2B-2 Manderfield 1,980 
2B=3,4,6 Minersville-Milford 7,340 
2Ble-1c,2,4 Cedar 16,270 
2Bl-la,3a Summit 2,790 
2Bl-1b,3b,3c Parowan 12d) 
2B2-1 Newcastle 2,140 


“Does not include consumptive use of precipitation. 
61958-1965 average 


Outflow 
Surface water outflow was negligible with the exception of 


Beaver-Greenville and Manderfield water budget areas which supply 
Minersville Reservoir. 


later Supplies and Their Uses in Iron, Washington and Kane Counties 
of Utah", Special Report 13. Agricultural Experiment Station, Utah 
State University, in cooperation with other agencies (1963). 


2"Ground-Water Resources of Pavant Valley, Utah'', Water Supply ‘Paper 


1794, United States Geological Survey in cooperation with Utah 
State Engineer (1965). 
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Ground-water outflow was estimated as described in preceding 
sections. Average values were used for each year of the study even 
though outflow from Pavant Valley, as reflected in the flow of Clear 
Lake Springs, showed a general decrease of 15-20 percent during the 
study period.L Ground-water gradients are moderately flat and do not 
readily respond to local changes in ground-water levels. Average annual 
values of ground-water movement are shown on the map following page 18. 


WATER BUDGET COMPILATION 


The following discussions deals with the mathematical com- 
position of water budgets and is presented in an attempt to clarify 
procedures. The compilation of water budgets are described at two 
levels. 


The first discussion is general in nature for any budget. 
The second deals specifically with one year for one watershed. 
The discussion deals with each line item of an individual budget 
(Table 8) and each line is numbered and referenced in the text by 
numbers in parentheses. 


Available water resources for a water budget area are composed 
of ground and surface water intrawatershed flow, ground and surface 
water tributary inflow (1,2), and precipitation on the water budget 
area "To lo sees Ts 


Total root-zone supply (9) is the sum of surface (3) and well 
diversions (5) applied to cropland at a weighted efficiency (4, 6), 
precipitation (7), and direct use from ground water (8). 


Potential cropland consumptive use (10) is the sum of the indi- 
vidual consumptive uses. A positive value of supply minus consumptive 
use (11) indicates a surplus of root-zone supply and a minus value 
indicates there is a supply deficit. 


Cumulative soil moisture (12) is the algebraic sum of previous 
months soil moisture plus supply, minus use for the current month. 
Values less than zero are listed as zero. A positive figure indicates 
root-zone moisture is available for future consumptive use. A value 
‘of zero cumulative soil moisture means carry-over storage from the 
previous month plus total root-zone supply for the current month 
is not adequate to meet current month's demands. The minus values of 


1 

"Causes of Fluctuations in the Rate of Discharge of Clear Lake Springs, 
Millard County, Utah", Water Supply Paper 1839-E. United States 
Geologic Survey in cooperation with Utah Department of Fish and Game 
and the Utah State Engineer (1967). 
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cumulative soil moisture are listed as consumptive use deficits (13). 
Potential consumptive use on irrigated cropland minus consumptive use 
deficits (absolute value) gives actual consumptive use on irrigated 
cropland (14). 


The volume of cumulative soil moisture is limited by water 
holding capacity of the soil. When additions to cumulative soil 
moisture exceed this limit, the excess water is listed as an addition 
to ground water (15). 


Net water surface evaporation (16) equals monthly evaporation 
minus precipitation during that month. Municipal and industrial 
consumptive use (17) is estimated on the basis of population. 


Supply to wetlands and ground water (18) equals the total 
available water supply (1, 2, 7) minus actual irrigated cropland 
consumptive use (14), net water surface evaporation (16), and municipal 
and industrial use (17) as adjusted by changes in soil moisture storage. 
A decrease in cumulative soil moisture (12) from one time period to 
another is equivalent to an increase in the available water supply, 
whereas an increase in cumulative soil moisture is equivalent to an 
increase in total watershed consumptive use. 


Addition of precipitation on wetlands (19) increases supply to 
wetlands. The same monthly and annual precipitation is used on wetlands 
as used on the adjacent croplands. 


Outflow plus change in ground-water storage (23), equals supply 
to wetlands and ground water (18) plus precipitation on wetlands (19) 
less native vegetation and wetland consumptive use (22, 20). 


Outflow is composed of both surface and ground water (24) flow. 
Change in ground-water storage (25) is used to balance the budget for 
each month. 


A line item for precipitation on and consumptive use by native 
vegetation, bare ground, and town and community acreages (21) is included 
in the budget to account for all acreages in the budget area. 


Most input data such as surface and ground-water inflow are 
available with an accuracy of plus or minus ten percent, but data for 
some water budgets were questionable at this accuracy. The budgets 
represent field conditons within the accuracy of the input data. Water 
budget values are shown to the nearest whole number so the budgets 
would be internally consistent. Rounding errors do occur in computer 
computations so individual lines may not add exactly. 
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The water budget analysis procedure is further explained using 
the 1961 water budget for Manderfield (Table 8). 


There was no flow into Manderfield water budget area from other 
budget areas. Surface inflow (2) from the upper watershed was estimated 
by correlation with the gaged Beaver River flow. Correlation was made 
by plotting annual Beaver River flow against the annual flow of Indian 
Creek for the period of record available. The best-fit line through 
the plotted points had a slope of 0.12, which was used as the correlating 
factor. Monthly correlations were much more erratic, but tended to 
parallel the annual correlation factor. The monthly correlation value 
for each month was set at 0.12. Correlated annual surface flow for 
1961 was 2,242 acre-feet. 


Average annual ground water inflow (1) from the upper watershed 
was estimated at 1,290 acre-feet. The average value was used for each 
year of the study because more exact data were not available. An even 
monthly distribution of flow was assumed. 


Diversions to cropland (3) were estimated at 85 percent of surface 
water inflow to account for loss of water past diversion and infiltra- 
tion in the streambed above the diversions. This approach generally 
results in an overestimation of diversions during the winter months and 
an underestimation during summer months. 


Well diversion volumes (5) were taken from a report by the Geological 
Survey for the Beaver Valley, which included Indian Creek. Total dis- 
charge for 1961 was 4,300 acre-feet with an estimated 40 percent or 
1,720 acre-feet diverted in Manderfield water budget area. Monthly 
distribution was estimated according to the portion of annual consumptive 
use occurring in that month with adjustment for the months of April to 
October. The same monthly distribution was used for each year. 


Irrigation efficiencies include conveyance and on-farm efficiencies 
as shown in Appendix II, Beaver River Basin. These values were estimated 
using field measurements and judgment. Conveyance systems for wells 
are usually short and have a higher efficiency than those for surface 
water diversions. 


The following tabulation shows irrigation efficiencies used for 
Manderfield Water budget area: 


Surface water diversions Efficiency (percent) 
Conveyance 65 
On-farm 4O 
Overall 26 


Well water diversions 


Conveyance 80 
On-farm 40 
Overall 32 
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Root-zone supply from surface (4) and well water (6) was the diverted 
amount multiplied by the irrigation efficiency. For example, surface 
water diversions for May were 495 acre-feet at 26 percent efficiency or 
129 acre-feet delivered to the root-zone. Pumped irrigation water for 
May was 120 acre-feet at 32 percent efficiency or 38 acre-feet delivered 
to the root=zone. 


Precipitation on cropland (7) was taken from the station records 
at Beaver and adjusted by a factor of 0.93 to represent the budget area, 
Direct use of ground water (8) by irrigated crops was negilgible. 


Total root-zone supply (9) was the sum of surface and well diversions 
delivered to the root-zone and precipitation on croplands. For May, this 
was the sum of 129 acre-feet from surface diversions, 38 acre-feet from 
well diversions, and 125 acre-feet from precipitation for a total of 
292 acre-feet. 


Potential cropland consumptive use (10) on the 1,391 acres of 
cropland was computed for 1961 temperature conditions and equaled 
2,997 acre-feet for the year. Potential consumptive use was 354 acre- 
feet for May. Total root-zone supply of 292 acre-feet, minus potential 
cropland consumptive use of 354 acre-feet equals -61 acre-feet. For 
May, cropland consumptive use exceeded available supply. 


During April potential consumptive use was 78 acre-feet with a total 
rootezone supply from irrigation and precipitation of 235 acre-feet. 
Potential consumptive use was less than root-zone supply by 157 acre- 
feet. 


Cumulative soil moisture (12) carried over to March was 293 
acre-feet. Supply minus use for March was 135 acre-feet with the 
total being used to increase the soil moisture storage. 


Carry-over cumulative soil moisture to April was 428 acre-feet 
(293 acre-feet plus 135 acre-feet). The surplus of supply minus use 
(11) for April of 157 acre=feet exceeded maximum soil storage of 440 
acre-feet and an addition to ground water of 145 acre-feet occurred. 


During June, supply minus use was -487 acre-feet, indicating 
there was less supply than potential consumptive use. The cumulative 
soil moisture carry-over from May of 379 acre-feet was used to satisfy 
potential consumptive use. Potential consumptive use was not met and 
a consumptive use deficit (13) of 109 acre-feet occurred. Another 
way of expressing consumptive use deficit is supply minus use (-487 
acre-feet, plus cumulative soil moisture from the previous month of 
379 acre-feet equals a consumptive use deficit of, 109 acre-feet). 
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Actual consumptive use (14) for the months of January through 
May was equal to potential consumptive use because supply to the root. 
zone, including cumulative soil moisture, was adequate to meet potential 
use. During the months of June through August the root-zone supply 
plus cumulative soil moisture was not adequate to meet potential con- 
sumptive use, and actual consumptive use was less than potential cons 
sumptive use. Mathematically for June, potential consumptive use of 
688 acre-feet minus consumptive use deficits of 109 acre*feet gave 
an actual consumptive use of 579 acre-feet. 


Net water surface evaporation (16) was calculated on the basis 
of 12 acres of water surface within the watershed. Net evaporation 
was equal to water surface evaporation minus precipitation. Water 
surface evaporation was taken from monthly tabulated values prepared 
for Beaver City and adjusted to Manderfield water budget area by a 
factor of. 1.05. 


Municipal and industrial consumptive use (17) was estimated to 
be 60 percent of the per capita diversion of 123,300 gallons. Total 
annual use for municipal and industrial purposes was estimated to be 
27 acre-feet. 


Supply to wetlands and ground water (18) was equal to total supply 
minus use. Using June for example, total supply was equal to ground- 
water inflow of 107 acre-feet plus surface inflow of 336 acre-feet 
and zero precipitation--or 443 acre-feet. Total use was composed of 
actual consumptive use of 579 acre-feet plus net water surface evap- 
oration of eight acre-feet plus municipal and industrial use of three 
acre-feet--or 590 acre-feet. Cumulative soil moisture was decreased by 
379 acre-feet during the month of June, or supply was increased from 443 
acre-feet to 822 acre-feet. Supply to wetlands and ground water was equal 
to supply of 822 acre-feet minus 590 acre-feet, or 232 acre-feet. 


During November, supply was 278 acre-feet and use was 35 acre- 
feet. Cumulative soil moisture increased from zero to 55 acre-feet 
and when added to consumptive use gave a total use of 90 acre-feet. 
Supply to wetlands was equal to supply of 278 acre-feet minus use of 
90 acre-feet, or a total of 188 acre-feet. 


Supply to wetlands and ground water was increased by precipitation 
(19) as previously discussed, and decreased by consumptive use on 
wetlands (20). Negative value of supply to wetlands and ground water 
did not affect wetland consumptive use since the level of the water 
table was assumed to remain constant. 


Average consumptive use by native vegetation in addition to pre- 
cipitation (22) was adjusted by the ratio of 1961 tributary inflow 
to 1956-1965 average tributary inflow. Average native vegetation 
consumptive use was computed at 1,980 acre-feet and was adjusted by 
approximately 60 percent to 1,176 acre-feet. 
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Outflow and change in ground-water storage (23) equaled supply 
to wetlands and ground water plus precipitation on wetlands minus 
consumptive use on wetlands and native vegetation. For example, 
during August the outflow and change in ground-water storage is the 
sum of supply to wetlands of 70 acre-feet, plus precipitation of 33 
acre-feet, minus wetland consumptive use of 83 acre-feet, minus con- 
sumptive use by native vegetation of 252 acre-feet, amounts to -233 
acre-feet. 


Surface outflows (24) from Manderfield water budget area were 
estimated from annual water budgets prepared for Minersville Reservoir. 
Inflow into Minersville Reservoir, in addition to surface flow from 
the Beaver River, was comprised of ground-water flow from the Beaver- 
Greenville and Manderfield water budget areas. Monthly distributions 
of annual surface outflows were proportioned by percentages from the 
average budget for Minersville Reservoir. 


Change in ground-water storage (25) fluctuated with increases 
and decreases of water supply. The 1956-1965 average annual increase 
in ground-water storage was approximately 288 acre-feet. During 1961, 
storage was increased by 504 acre-feet. For August, the decrease in 
ground-water storage was equal to an outflow and change in ground- 
water storage of 233 acre-feet minus a surface outflow of 25 acre-feet 
or 258 acre-feet. 
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